The objectives of this study are to optimize the extraction of fat from bambangan kernel using response surface methodology and to determine its antioxidant activities and total phenolic contents (TPC). Bambangan kernel was also investigated to determine proximate and amino acids in a pursuit to identify an innovative fruit which could be exploited in other food applications. Results for proximate compositions of bambangan kernel indicates moisture contents of 8.9%, crude protein contents of 4.1%, ash contents of 2.8%, and carbohydrate contents of 72.9% on dry weight basis. The highest fat yield of bambangan kernel was found to be 11.0% with optimum parameters at solvent volume of 329.7 ml (n-hexane), samples weight of 27.0 g, and extraction time of 7.6 h. 2,2-Diphenyl-1-picryl-hydrazyl (DPPH) free radical scavenging ability of bambangan kernel powder and fat were found to be 60.6 ± 2.1 and 35.2 ± 2.1 mg TEAC/100 g, respectively. Moreover, the ferric reducing antioxidant power (FRAP) of bambangan kernel powder and fat were 150.6 ± 2.4 and 119.0 ± 6.3 mM/100 g, respectively. The TPC of bambangan kernel powder was 118.6 ± 1.9 mg GAE/g, whereas kernel fat was 94.1 ± 2.1 mg GAE/g. The DPPH radical scavenging and FRAP activities showed a strong correlation with TPC in both bambangan kernel powder and fat. The high TPC of bambangan kernel and its fat indicated that the kernels should be further utilized or processed to other food, nutraceutical or pharmaceutical products instead of discarded as waste.
Introduction
Mangifera pajang locally as known as bambangan in Malay, one of the underutilized fruit found in Borneo islands which included Sabah, Sarawak, Brunei and Kalimantan. In Malaysia, bambangan is cultivated mainly in Sabah areas such as Sandakan, Ranau, Lahad Datu, Tuaran, Kota Belud, Telupid, and Tenom; as well as Long Silat, Kapit and Ulu Dapoi in Sarawak. It is being called as Embang or Embawang among Kayan people in Sabah; whereas in Sarawak, it is known as Mawang in Iban or Buah Pangin in Malay. However, in Kalimantan (Indonesia), Mangifera pajang has different vernacular names by different indigenous people such as Limum in Sangkulirang, Pangin in Punam and Malinau, Hambawang in Malay, and Asem Pajang in Kutai [1] . It is a type of wild mango belonging to the Anacardiaceae family with Sapindales order and Magnoliopsida class in which it is same family as the commercial mango. Bambangan is potential for economic proposes as they are not only rich source of macronutrients, vitamins and minerals, but can grow in adverse soil and climatic environment as well [2] . Research and development of bambangan fruits are economically important for production of functional food, pharmaceutical and nutraceutical products.
Bambangan is ovoid in shape with about 0.5-1 kg of total weight, brown in colour for the outer layer with a 5-7 mm thick of peel and mango-like pulp [1] . According to Bakar et al. [3] , the flesh of the bambangan is bright yellow in color with sweet and sour taste, constitutes 60-65% of the total weight; whereas the kernel and peel constitute 15-20% and 10-15% of the total weight, respectively. The fruits can be eaten fresh or made into local cuisine. Local indigenous peoples in Sabah normally cook bambangan with fish for a unique flavor or make it into pickle. It is rich sources of fiber, vitamin C, carotenoids, carbohydrates, antioxidants, and phenolic contents [4] . Meanwhile, bambangan pulp and juice powder are used for the production of various types of functional food or beverage due to its high nutritional values. However, optimization resulting from solvent extraction of fat from bambangan kernel and its properties are still unexplored area of research. Moreover, there are no studies have been conducted on the proximate compositions and amino acids, as well as possible utilization of bambangan kernel.
Fats and oils from plant matrix are extracted by several techniques. Traditional solvent extraction (mostly n-hexane) is commonly used due to its simplicity and cost-effectiveness. In this technique, the total oil yield depends on the type of solvents, solvent-to-feed ratio, samples particle size, temperatures, times, and agitation intensity [5, 6] . Response surface methodology (RSM) is an effective and important mathematical and statistical technique to find the optimal conditions for different complex processes [7, 8] . Meanwhile, RSM has been successfully applied in industries, biological, clinical, social, food, physical and engineering sciences. However, to the best of the authors' knowledge, the extraction of bambangan kernel fat (BKF) and the optimum operation conditions of fat yields have not been studied yet. Hence, this work was expected to provide information on the use of RSM for optimization study of solvent extraction of BKF. The aim of this study is to examine the effect of process conditions: kernel quantity; extraction time and volume of the solvent on the fat yield in an optimization study using central composite design (CCD). For the first time, the proximate compositions, amino acids, antioxidant activities, and total phenolic contents (TPCs) of bambangan kernel powder and fat were also determined.
Materials and methods

Source of samples
Bambangan fruits were purchased from the local market in Kota Kinabalu, Sabah, Malaysia. It is mostly found in Tuaran, Tamparuli and Sandakan in Sabah. This seasonal fruits are harvested during the mature periods from July to August.
Samples preparation
The peels and pulps of bambangan were removed using a household knife. After removing peels and pulps, the seeds were washed using water (Appendix). The kernel of bambangan was removed manually from the seed. Then, the chopped bambangan kernels were dried using cabinet dryer at 60 °C for 24 h according to Dorta et al. [9] . The dried bambangan kernels were ground into powder form and passed through a vibrating sieve to get a uniform particle size. The bambangan kernel powder was stored in an airtight container in the cold room (− 5 °C) until further analysis.
Determination of moisture and ash contents
Moisture and ash contents of bambangan kernel powders were determined according to the standard method described by American Oil Chemists' Society [10] .
Determination of total protein contents
Kjeldahl method was used to determine the total protein contents in bambangan kernel powders. The nitrogen conversion factor of 6.25 was used to calculate total protein [10] . Results were expressed as percent of dry weight.
Analysis of amino acids
Amino acid was determined according to the method described by Rozan et al. [11] and Khan et al. [12] with some modifications. For samples hydrolysis purpose, 6N HCl was added into the dried samples and flushed with nitrogen gas for 1 min, heated at 110 °C for 24 h. The high performance liquid chromatography (HPLC) system is composed of a Jasco CO-2065 plus Intelligent Column Oven (set at 43 °C), a Jasco PU-2080 plus Intelligent HPLC pump, a Jusco DG-2080-54 4 line degasser and a Jusco MD-2010 plus Multi wavelength detector. The separation for each amino acid compound was achieved through a Pico-Tag C 18 column, 4 µm × 3.9 mm I.D. × 300 mm (Waters, Milford, MA, USA) using binary mobile phased constituted of Buffer A (0.1M ammonium acetate, pH 6.5) and Buffer B (0.1M ammonium acetate containing acetonitrile and methanol, 44:46:10; v/v, pH 6.5). Elution was carried out in gradient mode of Buffer A (100-0% for 50 min) and Buffer B (0-100% for 50 min) at flow rate of 1 ml/ min. Around 20 µl of sample was injected to the HPLC and the absorbance was monitored at 254 nm. Data acquisition and processing was employed using Jasco Borwin with Borwin PDA Version 1.50 (chromatography). The amino acid compositions was presented in g of amino acid per 100 g of protein.
Extraction of BKF using n-hexane
The total fat contents of bambangan kernel was extracted by n-hexane based on the standard Soxhlet extraction method. The required volume of n-hexane was poured into a 500 ml round bottom flask. The weighted powder form of dried bambangan kernel was transferred into the thimble and placed in the middle of the extractor. The thimble with powdery bambangan kernel was heated with n-hexane for the vapor to rise through the vertical tube and into the condenser at the top. The process was carried out until the desired yield is obtained. The hexane-oil mixtures was placed into a rotary vacuum evaporator in order to remove n-hexane. The extracted BKF was weighted. The percentage of the total fat contents was determined by the following equation:
Determination of color
The color determined according to the method described by American Oil Chemists' Society [10] .
Experimental design
In order to obtain highest yield, BKF extraction was optimized using CCD of RSM technique. The independent variables studied to optimize the BKF yield (Y) and their concentration ranges were solvent volume (X1) from 250 to 350 ml, weight of bambangan kernel powder from 15 to 30 g, and extraction time 6 to 8 h. The solvent type (n-hexane) and the temperature (65 °C) were kept constant throughout the experiment. The optimization parameters were assessed by three factor CCD and analyzed in 20 combinations. The experimental arrangement for the optimization of fat extraction of bambangan kernel using RSM is shown in Table 1 . The regression coefficient and significant model term was obtained to determine the optimal factors level for the maximum yield of BKF. The data was fitted with a second-order polynomial equation after running the experiment to understand more about the correlations between the optimized factors and the yields. The equation used is expressed in Eq. 2. (2)
where Y = predicted response (yield of BKF in %), β o = constant, β i = linear coefficient, β ii = quadratic coefficient, β ij = interactive coefficients, x i and x j = independent variables. The Minitab software (version 16) was used for the optimization, analysis of experimental data as well as creation of design matrix.
Assessment of antioxidant activities of solvent extracted BKF and powder
2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity assay
According to the method described by Thoo et al. [13] , the DPPH radical scavenging activity was determined. Results were expressed as mg Trolox equivalents antioxidant capacity (TEAC) (mg Teq/100 g oil).
Ferric reducing antioxidant power (FRAP) assay
The FRAP of bambangan kernel extract was determined based on the method by Ikram et al. [14] , with slight modifications. The FRAP reagent was prepared by mixing 25 ml acetate buffer (300 mM, pH 3.6), 2.5 ml 2,4,6-tripyridyls-triazine (TPTZ) solution (20 mM) in hydrocholoric acid (40 mM), and 2.5 ml FeCl 3 ·6H 2 O (20 mM). After warming at 37 °C, 3 ml of FRAP solution was added to react with 1 ml of extracts for 30 min in the dark. The readings of the colored ferrous tripyridyltriazine complex were recorded at 593 nm using UV-Vis spectrophotometer. The antioxidant activity of the bambangan kernel extract was determined based on a calibration curve plotted using FeSO 4 ·7H 2 O. Results were expressed as the concentration of antioxidant having a ferric reducing ability in 1 g of bambangan kernel extract (µM/g).
Determination of total phenolic contents in bambangan kernel powder and fat
The total phenolic contents (TPCs) was determined using Folin-Ciocalteu assay, based on the method described by Polavarapu et al. [15] . The TPC of bambangan seed was expressed in mg GAE (gallic acid equivalents)/100 g oil.
Statistical analysis
The assays were performed in triplicate and the results were expressed as mean ± standard deviation. Multiple regression analysis and determination of coefficient R 2 were determined using Minitab software (Version 17.1.0, Minitab Inc, USA). One way analysis of variance (ANOVA) and one sample T-test were used to comparing the predicted and experimental values of the fat yield of bambangan kernel. The average values were compared with Tukey's post hoc test for one way ANOVA. In addition, Pearson's correlation was used to determine the relationship between the antioxidant activity and TPC. Results were considered as statistically significant difference when p < 0.05.
Results and discussion
Proximate compositions of bambangan kernels
The moisture content of fresh bambangan kernel was found to be 48.4 ± 1.43%, while it was 8.9 ± 0.11% for dried bambangan kernel powder. On a dry weight basis, crude protein, carbohydrate, and ash contents of bambangan kernel powder were found to be 4.1 ± 0.17, 72.9 ± 2.31, and 2.8 ± 0.02%, respectively. The values are given as mean standard deviation of three replications. Our results for carbohydrate and ash contents were in good agreement with the results obtained by Abdalla et al. [16] and Muchiri et al. [17] for different mango varieties, and Kumar et al. [8] for different flours. The protein contents obtained in the present study was found to be lower to a small extent than that of mango seed. The variation of protein contents in mango and bambangan kernels could be due to the different cultivars and growing conditions. Although bambangan kernel had a low contents of protein, the quality of protein is good. The protein contents of bambangan kernel was comparable to jack fruit seed [18] . The proximate compositions of the flesh of bambangan fruit (edible portion) studied by Ibrahim et al. [19] . However, there were no studies conducted on bambangan kernel is available for better comparison.
Amino acid compositions of bambangan kernel
As per authors' knowledge, this is the first report of amino acid profiles in bambangan kernel. The amino acid profiles of bambangan kernels are presented in Table 2 . There were 17 amino acids (Asp, Glu, Ser, Gly, His, Arg, Thr, Ala, Pro, Tyr, Val, Met, Cys, Ile, Leu, Phe, and Lys) identified in bambangan kernels. The amino acids found in this study were comparable to that of FAO/WHO reference protein.
The results indicated that the total essential amino acid contents was 32.5 g/100 g protein, while the total non-essential amino acid contents was 51.6 g/100 g protein. The results showed that the bambangan kernel is rich in glutamic acid (17.0 g/100 g protein), while cysteine the lowest (0.1 g/100 g protein). Among the essential amino acids, leucine showed the highest value (6.7 g/100 g protein), while methionine had the lowest (0.7 g/100 g protein). All the essential amino acids except for methionine and tyrosine found at lower levels in the bambangan kernel than those of the FAO/WHO reference protein [20] . The amino acid profiles of bambangan kernel shows similar trends to several important grain legumes that are rich protein sources [21, 22] . Moreover, our results are in line with the results who found that mango kernel contained the most of the essential amino acids in higher levels than in the FAO reference [16] .
Analysis of the model
The yields of the BKF are shown in Table 1 . The highest yield of BKF is 11.0% with optimum parameters at solvent volume of 329.7 ml, weight of bambangan kernel powder 27.0 g, and extraction time of 7.6 h. However, the lowest fat yield of 4.5% obtained at volume of 270.3 ml, weight of 27.0 g, and extraction time of 6.4 h. It can be seen from Table 1 that different values of variables resulted in different fat yields. This indicates that the independent parameters chosen were relevant to the fat yield of bambangan kernel in the solvent extraction. Result showed that there was no significant (p > 0.05) difference between the predicted and experimental values. Therefore, the validation result showed that the experimental data was found to be in agreement with the predicted values. It was indicated that the adequacy of the final reduced models fitted by RSM. Table 3 summarized the estimated regression coefficients of independent variables, along with the corresponding R 2 , p values, lack of fit test, significance probability of each parameter and their F-values. The coefficient of variation, R 2 , is used to describe the degree of fit of the regression models and to evaluate the adequacy of the dependent variables in the model that fit the dataset [23] . The regression coefficient of determination is suggested to be at least 0.80 in order to be considered as a good fit of model [24] . In this study, the regression coefficient of determination (R 2 ) was 0.866. The R 2 for these response variables is higher than 0.80 which indicated the satisfactory adjustment of the reduced response models in determining the BKF yields [25] . In this study, the 'lack of fit' of this model was insignificant (p < 0.05). This indicates that the models of fat yield fitted well with the observed data [26, 27] .
The linear parameter shown in Table 3 indicates that the solvent volume (x i , ml), bambangan kernel weight (x j , g), and extraction time (x c , h) have significant (p < 0.05) effect on BKF yields. This indicates that the volume of n-hexane used for the extraction has significant effect on the fat yield of bambangan kernel. Moreover, the quadratic terms showed that only extraction time (x c 2 , h 2 ) has significant (p < 0.05) effect on the yields, whereas solvent volume (x i 2 , ml 2 ) and extraction weight (x j 2 , g 2 ) have negative impact (p > 0.05) on the fat yields. 
Effect of volume and weight on the fat yield of bambangan kernel
The effect of volume and weight on the fat yield of bambangan kernel at constant extraction time of 7 h is presented in Fig. 1a . The figure showed that the yield of BKF decreased when the samples weight increased. In the constant condition with solvent volume of 300 ml and extraction time of 7 h, 8.2% fat was recovered when 15 g (order 1) of samples used and as the weight increased to 22.5 g (order 3), the yield decreased to 6.0%. Further increment of samples weight to 30 g (order 16) resulted in lower percentage yield (5.9%). This showed that the weight of bambangan kernel has significant (p > 0.05) effect on the percentage fat yield. Ajala et al. [28] reported the similar trends in the optimization of solvent extraction of shea butter using RSM. On the other hand, the fat yield increased proportionally with the solvent volume. When the volume of n-hexane increased from 250 ml (order 9) to 300 ml (order 3) with constant weight of 22.5 g and time of 7 h, the yield of BKF increased slightly from 5.9 to 6.0%. The fat yield further increased to 7.5% when the volume of n-hexane increased from 300 ml (order 3) to 350 ml (order 20) with the same condition. This indicates that the solvent volume has significant (p < 0.05) effect on the fat yield. Higher solvent volume increases the extraction, solubility, and diffusion rates [29] . From the Fig. 1a , it can be seen that the volume of n-hexane and the weight of bambangan kernel powder exhibited significant (p < 0.05) positive effect on the BKF yields. Results showed that the total yields of BKF increased when the volume of n-hexane and the extraction time increased. Similar trend of the linear effect of volume on fat yield has been described earlier in Fig. 1a . On the other hand, the fat yield of bambangan kernel increased significantly when extraction time increased. It was observed that 5.9% of fat recovered when the extraction time was 6 h (order 18) with volume of n-hexane and weight of bambangan kernel powder of 300 ml and 22.5 g, respectively. When the extraction time prolonged to 7 h (order 3) with same condition, the fat yield increased to 6.0% as well. Further increment of extraction time to 8 h (order 2) resulted in higher fat (10.6%) recovered. This might due to longer period of time is required for the solvent to penetrate into the bambangan kernel powder, dissolve the kernel and diffuse out the kernel fat [30] . Jouki et al. [30] reported the similar trends in which the extraction yield increased proportionally with the extraction time. The quadratic effects of independent variables resulted in the presence of curve 3D response surface plot. There is no significant (p > 0.05) interaction effect of solvent volume and extraction time on the fat yield. This indicates the linear relationship between the main preparation variables and the fat yield of bambangan kernel.
Effect of volume and time on the fat yield of bambangan kernel
Effect of weight and time on the fat yield of bambangan kernel
The effect of weight and time on the fat yield of bambangan kernel at constant solvent volume of 300 ml is shown in Fig. 1c . The figure illustrated that higher fat yield recovered when the weight of bambangan kernel powder and the extraction time were higher. Result showed that 10.6% of fat yield was obtained with the samples weight of 22.5 g and extraction time of 8 h (order 2). However, when the samples weight increased to 30 g with shorter extraction time of 7 h, the fat yield of bambangan kernel decreased to 5.9% (order 16). This showed that lower samples weight and longer extraction time recovered more BKF. Furthermore, lower fat yield obtained when the samples weight of bambangan kernel was high. It was evident that the fat yield increased as the samples weight decreased. Similar result was observed in Fig. 1a where higher fat yield recovered when samples weight of bambangan kernel lower. On the other hand, the total fat yield increased proportionally with the extraction time, where longer extraction time recovered higher fat yields. The same trend was observed by Azmir et al. [5] in the optimization of oil yield of Phaleria macrocarpa seed using RSM.
Antioxidant capacity
Free radical scavenging activity (DPPH)
As per authors' knowledge, this is the first report on antioxidant activity of BKF. The free radical scavenging activity of bambangan kernel powder and fat were found to be 60.6 ± 2.1 and 35.2 ± 2.1 mgTEAC/100 g, respectively ( Table 4 ). The radical scavenging ability of BKF is lower as compared to bambangan kernel powder. Low result in the scavenging activity of BKF might be due to thermal degradation of the antioxidant compounds during the solvent extraction process [31] . Moreover, the lower scavenging ability in BKF as compared to powder reflected that only some antioxidant compounds of bambangan kernel were present in the kernel fat. The radical scavenging ability of BKF was comparable to the A. precatorius seed oil [32] . Bakar et al. [33] found higher scavenging activity (85.06 mg AEAC/g) in Borneo indigenous Liposu (B. lanceolata) seed. The free radical scavenging activity varies considerably among fruits. Result also showed that the free radical scavenging activity of bambangan kernel is higher than the result reported by Bakar et al. [3] . The difference in scavenging activity of bambangan kernel might be due to the type of bambangan, stages of bambangan maturity, type of solvent used for extraction, concentration of solvent used, and the drying method [34] . In another study, Kozlowska [35] reported that the type of solvents used may influence the antioxidant activity by affecting the hydrogen-donating ability of antioxidants. The results obtained in this study were in agreement with the results reported by Soong and Barlow [36] for avocado, jackfruit, longan, mango, and tamarind seeds.
Ferric reducing antioxidant power (FRAP)
The ferric reducing ability of bambangan kernel powder and fat were 150.6 ± 2.4 and 119.0 ± 6.3 mM/100 g, respectively ( Table 4 ). The reducing ability of the BKF was lower than the bambangan kernel powder. This indicated that not all of the antioxidant components are transferred to the fat and some of it may be destroyed by heat during extraction [31] . The bambangan kernel powder showed lower FRAP values compare to the previous study conducted by Bakar et al. [3] . The high reducing activity of bambangan kernel found by Bakar et al. [3] might be due to the application of freeze drying method. Study done by Dorta et al. [9] showed that freeze-drying method stabilized the mango seed without diminishing their antioxidant activity. However, oven-drying could have negative impact on the antioxidant capacity in the present study. Oxidation or thermal degradation of antioxidants such as ascorbic acid, catechin, and non-catechin polyphenolics during extraction might affect the ferric reducing ability of bambangan kernel [34] . The thermal degradation caused enzymatic denaturation by the Maillard reaction and destruction of bioactive compounds which play important roles as antioxidants [37] . There would be differences exist even though same method was used to determine the antioxidant capacity. This might due to geographical origin, harvest period, cultivar, and storage condition which affected the antioxidant activities of the fruits [38] .
Total phenolic contents (TPCs)
As per authors' knowledge, this is the first report on TPCs of BKF. Therefore, this study may bridge the knowledge gap in missing data for further studies about BKF. The TPCs of bambangan kernel powder was 118.6 ± 1.9 mg GAE/g, whereas kernel fat was 94.1 ± 2.1 mg GAE/g. The results from this research showed that the phenolic contents of bambangan kernel powder is higher than the kernel fat. The low level of phenolic contents of BKF might due to thermal destruction during solvent extraction. The phenolic compounds are sensitive to heat and hence high temperature during solvent extraction reduces their activity [30] . Miranda et al. [39] reported that the antioxidant capacity of aloe vera gel decreased when the temperature increased. The phenolic contents of bambangan kernel was comparable with the kernel of other fruits such as tamarind (94.5 mg GAE/g) and avocado (88.2 mg GAE/g) [36] . The TPCs of BKF was comparable to mango kernel fat (98.7 ± 8.8 mg GAE/g) [40] . Bambangan kernel is suitable for the production of functional food, pharmaceutical, and nutraceutical products as it has high antioxidant activity and phenolic contents.
Correlation between antioxidant activities (DPPH and FRAP) and TPCs of bambangan kernel powder and fat
The correlation analyses were conducted in order to determine the relationship between antioxidant activity (DPPH and FRAP) with TPCs of bambangan kernel powder and fat. Results in Table 5 illustrated that all the assays demonstrated a strong positive relation with coefficients higher than 0.800. The correlation coefficient is suggested to be at least 0.700 in order to be considered as a good relationship [41] . This showed that the phenolic compounds can be considered as good predictor of antioxidant activity [42] . From Table 5 , it can also be seen that DPPH of bambangan kernel powder (r = 0.990, p < 0.05) and fat (r = 0.992, p < 0.05) correlated strongly with TPCs. Many researchers reported that the free radical scavenging activity and total phenolic contents were strongly correlated with each other [43] [44] [45] . This correlation might be due to both of these assays perform similar mechanistic basis by transferring of electrons from the antioxidants to reduce an oxidant [46] . In addition, a strong positive relation between FRAP assay and TPCs were found. Results showed that the reducing ability of bambangan kernel powder correlated with TPCs insignificantly (r = 0.736, p > 0.05). However, a strong and positive correlation was found between BKF and TPCs (r = 0.968, p < 0.05). This indicated that the reducing power of the extract is based on the action of hydroxyl group of the phenolic compounds that act as electron donors [4] . This result is in agreement with the literature where strong correlation between FRAP assay and TPCs was found [3, 36] . The strong correlation showed that the phenolic compounds exhibited redox properties such as act as hydrogen donators, reducing agents, and singlet oxygen quenchers [3] . Statistically high significant correlation coefficients of DPPH and FRAP with TPCs indicated that these antioxidant compounds play an important role in the antioxidant activity of bambangan kernel [47] .
Color
Oil color is a significant parameter to evaluate edible oil quality which is directed to the marketplace. This is the first report for the determination of color of BKF. The lightness (L*), redness (a*), and yellowness (b*) values of solid bambangan kernel fat were 68.6, − 1.9, and 37.4, respectively. By sight, BKF is yellow. L* value indicates lightness of the samples and showed that BKF is darker in color. It is significantly greener as referred to the a* value. Based on the b* value, it is yellow. A possible reason for the differences in color is that the BKF extracted was crude fat which contains fatty acids, gum, phospholipids, and other natural colorants such as chlorophyll and β-carotene [48] . These natural colorants contributed to the higher L (lightness), a (greenness) and b (yellowness) in BKF. Another possible reasons of lightening could be due to the low moisture contents, denaturation of proteins, and the contents of fat particles embedded in protein matrix which may impart whiteness to bambangan kernel by scattering light [49] . Degumming process is effective in increasing the L value as a process of oil refining [50] .
Conclusion
Bambangan fruit has great potential application in the production of various types of functional food or beverage due to its high nutritional value. Therefore, optimization resulting from solvent extraction of fat from bambangan waste and their properties are important. For the first time, this study optimized BKF and determined their properties. Results obtained in this study have revealed that bambangan kernel is a rich source of crude protein, carbohydrate, and total fat contents. In addition, bambangan kernel contains most essential amino acids. Results for essential amino acids in g/100 g protein such as leucine 6.7, valine 5.0, lysine 4.8, threonine 4.7, phenylalanine 4.2, and isoleucine were comparable to FAO/WHO standard. Glutamic and aspartic acids were the dominant amino acids in the kernel. Based on the results, bambangan kernel is a very promising alternative source of food that could be implemented as excellent nutritional supplement particularly for fat and protein. The highest yield of BKF was found to be 11.0% with optimum condition while, it was lowest of 4.5%. The fat yield of bambangan kernel increased proportionally with the solvent volume and extraction time. Conversely, the fat yield decreased when the samples weight increased. The antioxidant activity of bambangan kernel powder and fat was detected by DPPH and FRAP assay. The results for DPPH radical scavenging and FRAP activities showed a strong correlation with TPCs in both bambangan kernel powder and fat. The high antioxidant capacity and TPCs of bambangan byproducts makes it potential for the manufacturing of functional food, nutraceutical, and pharmaceutical products. 
